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Chapter 1 - Introduction 
























































The	gap	between	the	two	states	is	known	as	∆𝐸	or	a	change	in	energy.	As	the	applied	field	strength	increases	so	does	∆𝐸.		The	equation	for	∆𝐸	is	given	by	∆𝐸 = =∙	?∙@ABC 	,	where	h	is	Planck’s	constant	(6.626x10-34	Js),	𝛾	is	the	gyrometric	ratio,	which	is	essentially	a	measure	of	how	a	particular	type	of	nucleus	responds	to	magnetic	fields,	so	1H	will	have	a	gyrometric	ratio	of	267.512x106	rad	T-1	s-1	and	B0	is	the	strength	of	the	applied	magnetic	field	by	the	spectrometer	and	is	measured	in	Tesla	(T).			For	example	if	∆𝐸	was	calculated	for	a	1H	nucleus	in	a	9.39	T	applied	magnetic	field	we	could	denote	this	as	the	following	[4];		


























































1.1.3 Number of nuclei (resonance integrals) 	The	relative	intensities	of	resonance	signals	can	be	attributed	to	the	number	of	nuclei	that	generate	those	signals.	Therefore,	it	is	possible	to	quantify	the	relative	proportions	(numbers)	of	different,	magnetically	distinct	1H	nuclei	within	a	molecule		
1.1.4 Spin-spin coupling: number and placement of adjacent nuclei (multiplicity) 	The	interaction	between	the	spins	of	neighbouring	nuclei	within	a	molecule	may	cause	the	splitting	of	an	NMR	signal	peak.	This	splitting	pattern	is	related	to	the	number	of	equivalent	hydrogen	atoms	at	the	nearby	nuclei.	This	is	known	as	spin-spin	coupling,	where	one	signal	can	be	split	into	many	peaks.	Essentially	the	splitting	pattern	within	a	spectrum	can	tell	you	the	number	of	different	environments	the	nuclei	are	in.	The	separation	between	the	different	multiplet	lines	of	the	same	resonance	is	known	as	the	coupling	constant,	J.	This	can	be	measured	as	the	distance	in	Hz	between	these	resonance	lines	[5],	[12].			
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Number of Metabolites  2180	 6408	 40,153	 114,100	
Number of unique metabolite 
synonyms 
27,700	 43,882	 199,668	 1,231,398	
Number of compounds with 
biofluid or tissue concentration 
data 
883	 4413	 5027	 7552	
Number of compounds with 
experimental reference 1H and or 
13C NMR spectra 
385	 792	 1054	 1494	
Number of compounds with 
reference MS/MS spectra 
390	 799	 1249	 2265	
Number of HMDB data field 91	 102	 114	 130	
Metabolite search/browse Yes	 Yes	 Yes	 Yes	
Pathway search/browse No	 Yes	 Yes	 Yes	












































1.3.2 Data Normalisation  	











1.3.3 Principal Component Analysis (PCA) 	PCA	is	a	widely	used	statistical	techniques	used	in	almost	all	scientific	disciplines.	It	has	also	been	described	as	one	of	the	oldest	multivariate	techniques	available	[63].		PCA	has	been	described	as	a	multivariate	statistical	technique	that	analyses	a	data	table.		Within	this	data	table,	observations	are	described	by	a	multitude	of	inter-correlated	quantitative	dependant	variables.	The	main	objective	of	PCA	is	to	extract	the	important	information	from	a	table	and	represent	it	as	a	set	of	new	variables,	which	are	called	principal	components.[63]				PCA	can	be	applied	to	a	single	set	of	variables,	when	a	researcher	is	interested	in	discovering	which	variables	in	a	set	form	coherent	subsets	that	are	relatively	independent	of	another	[60].	This	is	one	of	the	main	reasons	why	PCA	is	used	for	the	analysis	of	multivariate	metabolomics	and	chemometric	datasets,	since	it	is	capable	of	dimensionality	reduction,	ranking,	regression	and	clustering	[64].		PCA	is	important	to	mention	when	it	comes	to	multivariate	statistics,	as	it	is	one	of	the	primary	forms	of	analysis.	PCA	however,	is	an	unsupervised	method	meaning 
it assumes that the principal components are orthogonal and a linear 
combination of original features. If this is not the case for variables, PCA will 



































28 days - kill Withdrawer	(no	coccidiostat)	
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2.3 1H NMR of Chicken Breast Meat 	




2.3.2 Spectrometry Measurements 	1H	NMR	spectra	from	the	10	breast	meat	muscle	samples	were	obtained	at	300	K	on	a	Bruker	Avance	400	MHz	spectrometer	(Leicester	School	of	Pharmacy,	De	Montfort	University).	The	1H	NMR	spectra	were	acquired	using	the	zg30	Bruker	pulse	sequence	and	each	sample	was	analysed	using	an	automated	process	and	took	on	average	a	total	of	12	minutes	to	complete.		The	specified	parameters	used	are	outlined	in	Appendix	1.		
2.3.3 Spectral Post-Processing Spectral	data	sets	were	analysed	using	NMR	Spectrum	Processor	2012	(ACD/Labs,	Toronto,	Canada).	All	spectra	underwent	manual	correction	for	any	phase	or	baseline	distortion.	Each	spectrum	also	scaled	and	aligned	to	the	internal	reference	of	TSP	(±0.05	ppm).		
2.3.4 Spectral Assignments Metabolites	were	assigned	using	a	combination	of	chemical	shift	values,	coupling	patterns	and	coupling	constants	from	literature	and	the	online	database	HMDB	[29].				
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2.4 1H NMR of Chicken Plasma 	A	total	of	4-6	whole	blood	samples	were	collected	via	random	sampling	from	each	shed	at	the	end	of	the	crop	cycle.	In	addition,	one	meat	sample	was	provided	from	each	shed.			
2.4.1 Sample Preparation 	A	total	of	49	whole	blood	samples	were	collected	into	clean	5mL	tubes	at	the	farm	site.	The	samples	were	transferred	to	the	laboratory	on	ice	and	immediately	centrifuged	and	the	clear	plasma	removed.	Samples	were	stored	at	-80°C.		The	preparation	of	plasma	was	carried	out	using	the	methodology	outlined	by	Beckonert	et	al,	as	published	in	nature	protocols	[54].	A	volume	of	1	mL	of	whole	blood	was	centrifuged	at	10,000	x	g	for	10	minutes.	Subsequently,	0.60	mL	volumes	of	the	plasma	supernatant	were	treated	with	100µL	of	D2O,	50µL	of	pH	7.0	phosphate	buffer	and	50µL	of	a	standard	sodium	azide	(NaN3)	solution	[final	concentration	0.04%	(w/v)]	was	also	be	added	as	a	microbicide.	The	sample	was	then	vortexed	prior	to	transferring	into	5-mm	NMR	tubes	using	a	sterile	glass	pipette	[54].		




2.4.3 Spectral Post-Processing 	Spectral	data	were	analysed	using	NMR	Spectrum	Processor	2012	(ACD/Labs,	Toronto,	Canada).	All	spectra	underwent	manual	correction	of	any	phase	or	baseline	distortion.	Each	spectrum	also	scaled	and	aligned	to	the	doublet	signal	of	lactate	(1.31	ppm).		
2.4.4 Spectral Assignments Metabolites	were	assigned	using	a	combination	of	chemical	shift	values,	coupling	patterns	and	coupling	constants	from	literature	and	the	online	database	HMDB	[29].				
2.5 Statistical Analysis of Chicken Plasma Data 	







2.6 Human saliva 		A	total	of	62	healthy,	non-smoking,	non-medically	compromised	participants	were	recruited	locally.	Written	informed	consent	was	acquired	from	all	participants,	ethics	approved	by	the	Faculty	of	Health	and	Life	Sciences	Research	Ethics	Committee,	De	Montfort	University,	Leicester	UK.	Unstimulated	whole	saliva	was	provided	first	thing	in	the	morning	in	a	plastic	sterilised	universal	container	after	a	period	of	12	hours	fasting.	Participants	were	requested	to	refrain	from	oral	activities	during	the	period	between	awakening	and	sample	provision	(ca.	5	minutes).		
Table	4	–	Outline	of	Samples	Collected	Form	Participants	
						
Sex Number of 
Participants 






2.7 1H NMR of Human Saliva 	
2.7.1 Sample Preparation 	The	preparation	of	saliva	was	carried	out	using	the	methodology	outlined	by	Beckonert	et	al,	as	published	in	nature	protocols	[54].	Saliva	specimens	were	transported	to	the	laboratory	on	ice,	and	2	ml	volumes	of	whole	saliva	were	centrifuged	immediately	for	5	min.	at	3,500	rpm.	Saliva	samples	were	prepared	in	duplicate,	since	a	sample	without	the	presence	of	EDTA	would	serve	as	a	control.	0.60	ml	aliquots	of	salivary	supernatants	were	removed,	0.10	ml	of	50.00	mmol	EDTA	was	added	in	excess,	and	the	sample	mixture	then	homogenised.	68µl	of	pH	7.00	phosphate	buffer	and	80µl	D2O	containing	0.05%	(w/v)	sodium	3-trimethylsilyl-(2,2,3,3-2	H4)-1-propionate	(TSP,	chemical	shift	reference	and	internal	quantitative	1H	NMR	standard)	was	added	to	the	sample	and	vortexed.	Additionally,	50µL	of	a	standard	sodium	azide	(NaN3)	solution	[final	concentration	0.04%	(w/v)]	was	also	be	added	as	a	microbicide	[54].	As	noted	above,	an	additional	saliva	sample	was	prepared	in	the	same	manner	with	0.60ml	HPLC-grade	water	instead	of	EDTA	and	this	served	as	an	essential	control.	The	final	solution	was	subsequently	transferred	into	5-mm	diameter	NMR	tubes	for	1H	NMR	analysis		





2.7.3 Spectral Post-Processing 	The	spectra	were	analysed	using	NMR	Spectrus	Processor	2012	(Advanced	Chemistry	Development	Inc.,	ACD/Labs,	Toronto,	Canada).	All	spectra	underwent	individual	manual	correction	of	any	phase	or	baseline	distortion.	This	assisted	with	eliminating	any	noise	at	the	pre-data	processing	stage	and	also	increasing	reliability	of	metabolite	identification.		Each	spectrum	also	scaled	and	aligned	to	the	internal	reference	of	TSP	(-0.05	to	0.05	ppm).	Spectral	integration	was	carried	out	between	0.50-10.0ppm;	subsequently,	the	residual	water	signal	between	was	removed.		
2.7.4 Spectral Assignments 	Assignment	of	metabolites	was	carried	out	manually	for	all	spectra.	Metabolites	were	assigned	using	a	combination	of	chemical	shift	values,	coupling	patterns	and	coupling	constants	from	literature	and	the	online	database	HMDB	[29].																																																																																																																																																																																																																																																																																																																																																																																																																					
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2.8 Calibration Curve of Magnesium and Calcium 	
2.8.1 Sample preparation 	In	order	to	determine	concentrations	of	Ca2+	and	Mg2+	for	each	saliva	sample,	a	calibration	curve	was	prepared	by	the	preparation	of	serial	dilutions	of	MgCl2	and	CaCl2.		Both	powders	were	accurately	weighed	and	dissolved	in	HPLC-grade	water	to	produce	the	correct	final	concentration.	0.6mL	of	each	solution	was	taken	for	each	sample.		An	addition	of	100µl	of	50.00	mmol	EDTA,	100µl	of	pH	7.0	phosphate	buffer	and	10%	(v/v)	of	D2O	containing	0.05%	(w/v)	sodium	3-trimethylsilyl-(2,2,3,3-2	H4)-1-propionate	(TSP,	chemical	shift	reference	and	internal	quantitative	1H	NMR	standard)	was	then	added,	and	the	sample	mixture	was	then	thoroughly	rotamixed.	The	final	solution	was	subsequently	transferred	into	5-mm	diameter	NMR	tubes	for	1H	NMR	analysis.		
2.8.2 Spectroscopy Measurements 		1H	NMR	spectra	for	each	calibration	sample	were	obtained	at	300K	on	a	Bruker	Avance	400	MHz	spectrometer	(Leicester	School	of	Pharmacy,	De	Montfort	University).	1H	NMR	spectra	were	acquired	using	noesygppr1d	(Bruker)	pulse	sequence	for	water	suppression.	Each	sample	was	analysed	using	an	NMR	auto-sampler	and	each	took	on	average	a	total	of	12	minutes	to	complete.	




2.8.4 Quantification of Mg2+-EDTA and Ca2+-EDTA complexes within saliva samples 	For	all	62	NMR	spectra,	each	ionic	complex	resonance	was	integrated	relative	to	the	internal	standard	of	TSP	set	at	1.	Subsequently,	the	formula	of	the	line	from	each	calibration	graph	was	utilised	in	order	to	calculate	the	concentration	in	mmol/L	of	each	complex	within	the	saliva	sample.	The	results	were	compiled	using	Microsoft	Excel.			
2.9 1H NMR Repeatability and Reliability Analysis of Human Saliva 	To	assess	reliability	and	repeatability	between	NMR	measurements	of	samples,	each	participant’s	saliva	was	prepared	in	triplicate	and	measured	using	1H	NMR.	The	triplicate	samples	were	then	kept	for	a	period	of	48	hours	and	re-measured	using	1H	NMR.		








2.9.3 Spectral Post-Processing 	All	corresponding	spectra	were	analysed	using	NMR	Spectrus	Processor	2012	(Advanced	Chemistry	Development	Inc.,	ACD/Labs,	Toronto,	Canada).	All	spectra	underwent	individual	manual	correction	of	any	phase	or	baseline	distortion.	This	assisted	with	eliminating	any	noise	at	the	pre-data	processing	stage	and	also	increasing	reliability	of	metabolite	identification.		Each	spectrum	also	scaled	and	aligned	to	the	internal	reference	of	TSP	(-0.05	to	0.05	ppm).	Spectral	integration	was	carried	out	on	each	EDTA	complex.	 	
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Chapter 3 - 1H NMR-Linked Metabolomics 
Investigations of Chicken Breast Meat Muscle 		
3.1 Introduction 	For	hundreds	of	years,	chickens	have	been	widely	used	as	a	food	source	around	the	world.	They	have	been	farmed	for	both	their	eggs	and	meat.		According	to	the	food	and	farming	industry	from	the	Department	for	Environment,	Food	&	Rural	Affairs,	the	poultry	meat	statistics	show	that	on	average	between	September	2018	and	September	2019	,	245.1	million	broiler	poultry	birds	were	slaughtered	in	the	UK	[73].			Chicken	products	can	be	represented	by	the	contents	of	their	molecular	and	biomolecular	agents.	The	combinations	of	these	could	provide	each	sample	with	individual	indicators	of	their	sources,	rearing	or	farming	husbandry.	Therefore,	methods	available	for	the	quality	control	and	characterisation	of	chicken	meat	muscle	samples,	together	with	corresponding	evaluations	performed	on	their	biological	fluids,	are	of	much	importance	and	significance	in	a	range	of	food	research	areas.		


































































































































Chemical Shift (ppm) 
(b)	











1H NMR Resonance 







1 0	 s	 Trimethylsilylpropanoic	Acid	
2 0.9-	1.05	 m	 Not	Distinguishable	
3 1.16-1.18/3.63-3.67	 t/q	 Ethanol	
4 1.31-1.32	 d	 Lactate-CH3	
5 1.45-1.47	 d	 Alanine-CH3	
6 1.17	 m	 Not	Distinguishable	
7 1.91	 s	 Acetate	
8 2.07	 s	 N-Acetyleglutamate	
9 2.15	 s	 Methionine	
10 2.94	 s	 Dimethylglycine-CH3’s	
11 3.02/3.92	 s/s	 Phosphocreatine-CH3/Creatine	
12 3.25	 s	 Trimethylamine	N-Oxide	
13 3.54	 s	 Glycine-CH2	
14 3.8	 s	 Anserine	
15 5.98-5.99/6.09-6.10	 d,	d	 NAD+,	NADP+	
16 7.10/7.90	 s,	s	 Histidine	
17 8.20	 s	 Hypoxanthine	
























3.4 Conclusion 	From	the	developed	methodology	a	total	of	16	metabolites	within	poultry	breast	meat	muscle	have	been	identified	including	some,	which	have	seldom	been	identified	previously,	identified	using	1H	NMR	spectroscopy.	This	helps	to	develop	the	overall	research	that	has	been	done	using	1H	NMR	spectroscopy	for	poultry	meat	muscle	as	it	helps	to	develop	a	more	reliable	fingerprint.	This	will	eventually	aid	in	both	the	food	and	farming	industry	and	areas	of	meat	fraud	too	enable	higher	quality	of	produce.	It	is	still	however,	recommended	that	future	research	will	help	to	develop	the	reliability,	including	use	of	31P	NMR,	so	that	there	is	a	more	standardised	approach	to	analysis.			If	this	study	were	to	be	carried	out	again,	there	would	be	more	of	an	emphasis	on	obtaining	a	higher	quantity	of	samples,	as	this	would	further	the	reliability	of	the	metabolites	identified	and	potentially	increase	the	number	of	metabolites	identified.	There	is	also	opportunity	for	the	use	of	31P	NMR	as	the	facilities	were	not	available	so	this	can	allow	for	further	identification	of	phosphorus-based	metabolites.	 	
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Chapter 4 - 1H NMR-Linked Metabolomics 
Investigations of Chicken Blood Plasma 		


























4.2 Results and Discussion 	












Chemical Shift (ppm) 
(b)	
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1H NMR Resonance 








1 0.92	 d	 Isoleucine-CH3	
2 0.94	 t	 Leucine	
3 0.97/1.02	 d/d	 Valine-CH3’s	
4 1.19	 d	 3-Hydroxybutyrate	
5 1.31,	1.32	 d	 Lactate-CH3’s	
6 1.45,	1.47	 d	 Alanine-CH3	
7 1.68	 m	 Not	Distinguishable	
8 1.91	 s	 Acetate-CH3	
9 2.05/2.34-2.44	 m/m	 Glutamine	
10 2.12	 s	 Trimethylamine	
11 2.15	 s	 Methionine	
12 2.39	 s	 Succinate-CH2’s	
13 2.51,2.54,2.64,2.67	 q	 Citrate	
14 2.73	 s	 Sarcosine-CH3’s	
15 2.94	 s	 Dimethylglycine	-CH3’s	
16 3.02	 s	 Creatinine/Creatine	
17 3.13	 s	 Dimethyl	Sulfone	
18 3.18	 s	 Trimethylamine	Oxide	
19 3.25/3.89	 s/s	 Betaine	
20 3.26	 s	 Malonic	Acid	
21 3.46-3.53	 m	 Glucose	
22 3.54	 s	 Glycine-CH2	
23 3.38/3.95	 t/t	 Serine	
24 4.62,4.66	 d	 Β-Glucose		
25 5.23	 d	 Α-Glucose	
26 5.32	 m	 Vinylic	Proton	
27 5.64	 m	 Not	Distinguishable	
28 5.79	 d	 Uracil	
29 5.88-5.90	 t	 Uridine	
30 6.51	 s	 Fumarate	
31 6.87/7.17	 d/d	 Tyrosine	
32 7.09/7.90	 d/d	 Histidine	
33 7.36-7.42	 m	 Phenylalanine	
34 8.17/8.20	 s/s	 Hypoxanthine	






4.2.2 Multivariate Data Analysis 	Herein	well-known	chemometric	tools	for	data	analysis	were	applied.	In	order	to	determine	whether	results	from	this	data	set	were	statistically	significant,	multivariate	data	analysis	was	employed.	The	PLS-DA	method	of	multivariate	analysis	was	used	including	permutation	tests	of	data	in	order	to	explore	and	identify	multivariate	independence	of	any	classification	groups	detected	[59],	[60].			







































Multivariate Data Analysis of Scotmas Water System versus individual WET 


























































Chapter 5 - Quantification of Mg2+ and Ca2+ 
EDTA Complexes in Saliva using 1H NMR 
Spectroscopic Analysis 
5.1 Introduction 	




































































Anion Concentration ± SD 
(mmol/L) 


















5.1.4 NMR Analysis of Magnesium and Calcium Ions using of 



























5.2 Results and Discussion 	





Chemical Shift (ppm) 
	


















	 		 																		 			
(a)	
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1 0	 s	 Trimethylsilylpropanoic	Acid	
2 0.87-0.90	 t	 Butyrate-CH3	
3 0.91	 t	 Valerate-CH3	
4a 1.04	 t	 Propionate-CH3	
4b 2.17	 q	 Propionate-CH2	
5a 1.16-1.18	 t	 Ethanol-CH3	
5b 3.63-3.67	 q	 Ethanol-CH2	
6 1.24,1.25	 d	 3-Hydroxybutyrate	
7 1.46,1,47	 d	 Alanine	
8 1.64-1.68	 m	 Aminovalerate	
9 1.91	 s	 Acetate	
10 1.95-2.13	 m	 N-Acetyl	Sugars	
11 2.28/3.04	 t/t	 Gamma-Aminobutyrate	
12 2.46	 s	 Pyruvate	
13 2.59	 s	 Methylamine	
14 2.49	 s	 Dimethylamine	
15 2.89	 s	 Trimethylamine	
16 3.13/7.25-7.44	 m/m	 Phenylalanine	
17 3.19	 s	 Choline	
18 3.30/3.42	 t/t	 Taurine	
19 3.56	 s	 Glycine-CH2	
20 6.87/7.17	 m/m	 Not	Distinguishable		




























1 0	 s	 Trimethylsilylpropanoic	Acid	
2 0.87-0.90	 t	 Butyrate-CH3	
3 0.91	 t	 Valerate-CH3	
4a 1.04	 t	 Propionate-CH3	
4b 2.17	 q	 Propionate-CH2	
5a 1.16-1.18	 t	 Ethanol-CH3	
5b 3.63-3.67	 q	 Ethanol-CH2	
6 1.24,1.25	 d	 3-Hydroxybutyrate	
7 1.46,1,47	 d	 Alanine	
8 1.64-1.68	 m	 Aminovalerate	
9 1.91	 s	 Acetate	
10 1.95-2.13	 m	 N-Acetyl	Sugars	
11 2.28/3.04	 t/t	 Gamma-Aminobutyrate	
12 2.56	 s	 Ca-EDTA	Complex	
13 2.70	 s	 Mg-EDTA	Complex	
14 2.89	 s	 Trimethylamine	
15 3.12,	3.14	 d	 Ca-EDTA	Complex	
16 3.30/3.42	 t/t	 Taurine		
17 3.37,	3.74	 s/s	 EDTA	
18 3.57	 s	 Glycine-CH2	
19 6.87/7.17	 m/m	 Tyrosine	
20 7.25-7.44	 m	 Phenylalanine-Aromatic	Ring	Protons	
21 8.54	 s	 Formate	
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5.2.3 Quantification of Mg2+-EDTA and Ca2+-EDTA complexes within saliva samples 	With	the	use	of	the	calibration	graphs,	it	was	possible	to	quantify	ionic	levels	of	calcium	and	magnesium	within	the	saliva.	This	was	done	using	the	equation	of	the	line	to	find	the	concentration	in	mmol/L.	The	results	of	the	Mg2+-EDTA	and	Ca2+-EDTA	complex	levels	are	shown	in	Table	17.	These	levels	were	also	compared	to	levels	found	in	previous	studies.	
	
Table 17: Mineral levels from saliva in present study and from literature [53], [110], [118] 
Present Study 










All	 0.212 	 0.207 	 0.019 0.002 0.009-0.858 	Male	 0.241 	 0.239 	 0.129 	 0.016 	 0.083- 0.657 Female	 0.192 	 0.189 	 0.156 	 0.0198 	 0.009 -0.858 
Ca2+-EDTA	
[mmol/L]	
All	 0.932 0.888 	 0.035 	 0.004 	 0.477-1.985 Male	 0.973 	 0.923 0.243 0.031 0.600- 1.715 Female	 0.905 	 0.864 	 0.300 0.038 	 0.477- 1.985 
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Data from Literature 
Mineral	
[mmol/L]	
Dziewulska	et	al	(2013)	 Błoniarz	et	al	(2003)	 Sphitzer	et	al	(2007)	 Gradinaru	et	al	(2007)	 Su	et	al	(2010)	
Magnesium		 0.42 0.21 0.29 0.14±0.03 0.345 








5.2.4 1H NMR Repeatability and Reliability Analysis of Human Saliva 	

















Mg2+-EDTA 0.022 	 0.0002- 0.194 	 0.012 	 0.0001-	0.112 	
Ca2+-EDTA 0.036 0.0005 -	0.308 0.021 0.0003-	0.178 	
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Mg2+-EDTA 0.054			 0.001-	0.199			 0.033		 0.001	-	0.140		
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Time Domain (TD) (Size of FID) 131072	
Dummy Scans (DS) 2	
Number of Scans (NS) 128	
Loop Count for ‘td0’ 1	
Spectral Width [ppm] 20.6983	




Dwell Time (DW) [µsec] 60.4	
Pre-scan Delay (DE) [µsec] 6.5	
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Number of Scans (NS) 256	
Loop Count for ‘td0’ 1	
Spectral Width [ppm] 12.1142	




Dwell Time (DW) [µsec] 103.2	
Pre-scan Delay (DE) [µsec] 6.5	
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Number of Scans (NS) 128	
Loop Count for ‘td0’ 1	
Spectral Width [ppm] 12.1142	




Dwell Time (DW) [µsec] 103.2	
Pre-scan Delay (DE) [µsec] 6.5	
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Number of Scans (NS) 128	
Loop Count for ‘td0’ 1	
Spectral Width [ppm] 12.1142	




Dwell Time (DW) [µsec] 103.2	
Pre-scan Delay (DE) [µsec] 6.5	
Transmitter Frequency offset (O1P) [ppm] 4.704	
	
Appendix	4:	Parameters	Used	to	Acquire	1H	NMR	Data	for	method	repeatability	and	
reliability	
		
